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Lipopolysaccharides (LPS), peptidoglycan (PGN), and lipote- ; 'ﬁ, O
ichoic acid (LTA) comprise the three principal bacterial cell wall @ H2N
components implicated in inducing the clinical manifestations of 7. R'= An R?= By
septic shock.These components exert their biological effects by vl 8 R'=R%=H
stimulating the host’'s monocytes and macrophages to produce v,,,[_ 9.R’ —O(CHZ)ss(CHz)zNHBoc R2='Bu
proinflammatory mediators, such as TNfiL-1, and IL-6. These 10. R' = O(CHy)3S(CH2)sNH,, RZ = H
mediators in turn elicit a variety of proinflammatory responses
in the host 0 /&’
Recent studies indicate that the membrane-bound cluster gyco O(CHZ)BS(CHZ)Z HNC
differentiation antigen CD14 plays a key role in the signal Q
transduction pathway leading to the production of the aforemen- ~ SucO o H
tioned proinflammatory mediatof$CD14 is a glycosylphosphati- 1 $ r:‘ 12a (4% loading)

dylinositol (GPI)-anchored glycoprotein that serves as a “pattern 12b (8% loading)
recognition” cell surface receptor for LPS, PGN, and LTA. This 12¢ (17% loading)
glycoprotein, which lacks transmembrane and cytoplasmic do-  aReagents and conditions: i) 20% piperidine/DMF:; i) FmodGlu
mains, is unable to directly transmit signals to the interior of the gyoH, PyBOP, HOBt, DIPEA, DMF; iii) FmocAlaOH, PyBOP, HOB,
cell. That function is performed by Toll-like receptor 4 for LPS  DIPEA, DMF; iv) 2-N-Acetyl-13-O-allyl 4,6-O-isopropylidene muramic
and Toll-like receptor 2 for PGN and LTAWhile the precise acid, PyBOP, HOBt, DIPEA, DMF; v) 3% TFA/CiEI,; vi) Pd/C, MeOH,
mechanisms involved in the interactions between the various A; then HCGH; vii) AIBN, HS(CH,),NHBoc, dioxane, 78C; viii) 25%
bacterial components, CD14 and the Toll-like receptors remain TFA/CH.Cly; ix) compound10, Et:N, DMF then NHOH.
to be discovered, a complex of CD14 with a bacterial cell wall
component has been implicated in the activation of a Toll-like a high MDP-loading density1Qc) exert their effects through
receptor leading to the induction of cytokine gene expression. CD14 and another as-yet unidentified receptor, whereas polymers
As part of a program designed to identify the structural with lower MDP-loading densitiesl@a,b signal only through
requirements of bacterial cell wall components required for CD14.
binding to CD14 and to induce the production of endogenous The neoglycopeptide polymer§2a—c were prepared by
proinflammatory mediators, we report here the synthesis of a rangecondensation of spacer-modified MOB with preactivated poly-
of neoglycopeptide polymerd2a—c, Scheme 1) composed of a  [N-acryloyloxy)succinimide (pNAS)1(1) followed by quenching
synthetic polyacrylamide backbone functionalized with pendent of the unreacted succinimate ester with aqueous amnidya.
Muramyl dipeptide (MDP) derivatives of differing densities.  varying the ratio ofl0 to activated esters in pNALY), a series
These synthetic polymers induced significantly greater production of MDP-functionalized polymers was obtained with 492§),
of TNF-o. by a human monocyte cell line than did monomeric 8% (12b), and 17% {2¢ loading, respectively. The control
MDP. Furthermore, soluble PGN (sPGN) and a polymer having compounds poly(acrylic acid) sodium salt and poylacrylamide
T Complex Carbohydrate Research Center were s_ynthesized by treatment of pNASlX wi_th sodium
t Large Animal Medicine. : hydroxide or excess aqueous ammonia, respectively.
(1) (@) Schumann, R. R.; Leong, S. R.; Flaggs, G. W.; Gray, P. W.; Wright, MDP (8) and spacer-modified MDRO were prepared by a

HoN

S. D.; Mathison, J. C.; Tobias, P. S.; Ulevitch, RSdiencel 99Q 249 1429- _ i i
1431. (b) Wright, S. D.; Ramos, R. A.; Tobias, P. S.; Ulevitch, R. J.; Mathison, polymerl supported approach (SChe.mé Im!'ls’ dlpep_tldé Wf-:lS .
J. C.Sciencel99Q 249, 14311433, synthesized on the hyper acid-sensitive Sieber amide resin using

(2) (a) Rietschel, E. T.; Schletter, J.; Weidemann, B.; El-Samalouti, V.; Fmoc-protected-Ala-OH andp-Glu(tert-Bu)-OH as amino acids.
g&gg”bT_-?Dzz?;‘gﬂ?ng Pdlr?]“f‘}r’di"y\/ii;c‘%%d%rﬂa E'S‘Sgﬂ'é'gg Kusumolo, S PyBOP/HOBt was applied as the activating reagent to ensure
(b) Weidemann, B.; Brade, H.: Rietschel, E. T.; Dziarski, R.; Bazil, V.: efficient coupling using low equivalents pf amino acids. In the
Kusumoto, S.; Flad, H. D.; Ulmer, A. Jnfect. Immun.1994 62, 4709~ last step of the assembly,was coupled with N-acetyl-15-O-
4715. (c) Gupta, D.; Kirkland, T. N.; Viriyakosol, S.; Dziarski, R. Biol. a||y| 4,6_O_isopr0py|idenemuramic acid to g|\@I which was

Ché‘;‘gggﬁ;%_éﬁﬁ_l%gﬁ}%munol 2000 12, 20-26. cleaved from the polymeric support by treatment with 3% TFA

(4) Schwandner, R.; Dziarski, R.; Wesche, H.; Rothe, M.; Kirschning, C. in DCM. This reaction also resulted in removal of the isopropy-
J.J. Biol. Chem.1999 274, 17406-17409.

(5) Downey, J. S.; Han, Front. Biosci 1998 3, 468-476. (7) (@) Mammen, M.; Dahmann, G.; Whitesides, G.MMed. Chem1995
(6) MDP is composed of muramic acid linked to the dipeptie&anine- 38, 4179-4190. (b) Bovin, N. V.Glycoconjugate J1998 15, 431—-446.
p-isoglutamine. Soluble PGN consists of alternajiiigy—4)-linkedp-GIcNAc (8) (a) Kinzy, W.; Schmidt, R. RLiebigs Ann. Chenil987 407—415. (b)

and N-acetylmuramyl pentapeptide residues. MDP is the minimal structural Wang, Z.-F.; J.-C. XiaTetrahedron Lett1998 54, 12597-12608. (c) Liu,
unit of PGN expressing immunoadjuvant properties. See: Baschang, G. G.; Zhang, S.-D.; Xia, S.-Q.; Ding, Z.-KBioorg. Med. Chem. Let200Q 10,
Tetrahedron1989 45, 6331-6360. 1361-1363.
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\II:VII?I’l]J rlsl ép I(r;c;utit;c;n(g;"l'll\zl?z Ar)e Ii;ie«%f cl\)/lrosnlgGI\/’\lla;)E-i ,(\:/Iec:fol?\;:?aged Figpre 2. Inhibition of induced TNFet release by anti-CI_Dl4 monoclqnal
cells (1 x 10%/ml) were incubated with increasing concentrations of each ant!body MY4‘. '\"OF‘O Ma(_; 6 ceIIs: (& 1C%/ml) were premcubat_ed with
stimulus as indicated for 6 h. The supernatants were harvested, and TNF- anti-CD14 antibodies at increasing concentrations for 30 min .4
release was determined by an ELISA assay. 1 and 10 ng/mL of LPS After 6 h of stimulation with 10 ng/mL LPS®), 100ug/mL 12a(00).-
gave 423+ 25 and 2128t 40 pg/mL TNFe, respectively. 100ug/mL 12b (a), 100ug/mL 12¢ (), or 10ug/mL SPGN. W), the
supernatants were harvested, and To\NFelease was determined by an
lidene group to givéd in an overall yield of 91% based on initial ~ ELISA assay.
resin loading. Compound was converted into the spacer- polymers (2a—c) can activate a complex signal transduction
containing derivativel 0 by reaction with 24ert-butylcarbonyl- pathway. The increased production of TiRFeompared with that
oxyamino]-1-ethane-thiol in the presence of the radical promoter of monomeric MDP may result from a “cluster effect”. In fact, it
AIBN in dioxane at 75°C (—9)° followed removal of the Boc- has been suggested that soluble CD14 binds to MDP- or PGN-

andt-Bu-protecting groups. derivative monomers only when these are presented in a multi-
The synthetic polymerd2a—c, sSPGN, and LPS all induced  meric form!%12 Alternatively, it could be that the polymeric
dose-dependent production of TNEby Mono Mac 6 cells, with ligands assist receptor oligomerization, which may be a prereg-

the largest effect being caused by sPGN and LPS (Figure 1).uisite for signal transductiol.

Whereas monomeric MDP on its own caused very little production ~ To determine whether activation of the Mono Mac 6 cells is
of TNF-a, higher densities of MDP conjugated to the polymer mediated by CD14, modulation of TNé&production by neutral-
saw corresponding increases in Tiifeoncentration. Neither the  izing anti-CD14 monoclonal antibodies MEM-18 and MY4 was
poly(acrylic acid) sodium salt nor the polyacrylamide induced studied. Both of these antibodies completely inhibited the effects
any effect, indicating that the polymer backbone exerts no activity of LPS and polymerd2a and 12b (Figure 2 for MEM-18, see
(data not shown). To exclude the possibility that T&froduc- Supporting Information). In contrast, the effects of SPGN and
tion arose from LPS contamination, the experiments were also polymer 12c were only partially inhibited. These unexpected
preformed in the presence of polymyxin B, an antibiotic that observations indicate that LPS and polymdr@a and 12b
avidly binds to the lipid A region of LPS, thereby preventing stimulate TNFe. production uniquely through a CD14-dependent
LPS-induced monokine production. TNE-concentrations in pathway, whereas polymé&2cand sPGN can signal through an
supernatants of cells preincubated for 30 min with polymyxin B additional unidentified receptor.

(1 ug/mL) before incubation withe. coli O55:B5LPS for 6 h

fell to background levels, whereas preincubation with polymyxin ~ Acknowledgment. This research was supported by the NIH (GM61761)
B had no effect on TNF: synthesis by cells incubated with ~ and the American Heart Association (00512298B).

12a—c or sPGN (see Supporting Information).
( PP 9 ) Supporting Information Available: Experimental procedures for the

A ?]umé)er Of.si/.mher?c pollc)ymers,k]functlton_cﬁllLZ_g_(: )[/;l]lthbpeg_dentf synthesis of compounds, dose response curve of LPS inducedoTNF-
saccharide moietes, have been snown to Innibit the binding o production by Mono Mac 6 cells, effect of polymyxin B on TNF-

carbohydrate-binding proteins more avidly than their respective yroqyction, inhibition of induced TNE:release by anti-CD14 monoclonal
monomeric ligand$? This difference has been attributed to the antibody MEM-18, effect of mouse immunoglobulin G2b and G1 as
now well-studied tluster effect wherein multivalent proteins control for MY4 and MEM-18 antibodies, respectively (PDF). This
display much higher affinities for multivalent ligands than their material is available free of charge via the Internet at http://pubs.acs.org.
monomeric counterparts. That synthetic multivalent ligands might

. - ; . JA0104655
be exploited to trigger biological responses has, however, been
more difficult to establisA%We demonstrate here that synthetic (11) Dziarski, R.; Tapping, R. I.; Tobias, P. $.Biol. Chem1998 273

8680-8690.
(9) van Seeventer, P. B.; van Dorst, J.; Siemerink, J. F.; Kamerling, J. P.;  (12) The results of another study indicate tiretnomeridVIDP efficiently
Vliegenthart, J. F. GCarbohydr. Res1997 300, 369-373. inhibits PGN binding to cellular CD14. Weidemann, B.; Schletter, J.; Dziarski,
(10) (a) Mammen, M.; Choi, S. K.; Whitesides, G. Mngew. Chem., Int. R.; Kusumoto, S.; Stelter, F.; Rietschel, E. T.; Flad, H. D.; Ulmer, Anféct.
Ed.1998 37, 2755-2794. (b) Roy, RCurr. Opin. Struct. Biol1996 6, 692— Immun.1997, 65, 858-864. It has, however, been suggested that this cell-
702. (c) Kiessling, L. L.; Pohl, N. ICurr. Opin. Chem. Biol200Q 6, 696— based binding assay does not stringently document binding to €D14.

703. (13) Heldin, C. H.Cell 1995 80, 213-223.



